Introduction
Non-ferrous smelting process would produce a large amount of flue gas, which main composition of smelting fumes are SO 2 , SO 3 , H 2 O and heavy metals. Among them, Mercury is one of the most toxic heavy metals. In China, zinc smelting atmospheric mercury emissions reach to 49.1t, mercury emissions of Hg 0 , Hg 2+ and Hg p is 78%, 17% and 5% of total mercury emissions respectively recent years. Hg 0 has gradually become a leading concern due to its high toxicity, it possesses high volatility and low solubility in water, and it is easily spread for a long time and long distances in the atmosphere. [1] The concentration of SO 2 is about 0.05% to 25% and SO 2 emissions constitute more than 8 percent of China's total SO 2 emissions [2] . For processing heavy metals from the flue gases, most research in internal and abroad, mainly by adsorption [3, 4, 5, 6] and catalytic oxidation method [7, 8, 9] . But most of them either have a high economical cost or some of them have the problem of secondary pollution. Thus the developing of low costs and low pollution technology for mercury removal is still necessary. For the treatment of SO 2 smelting gas, there are related research in internal and abroad. This experiment chooses (NH 4 ) 2 S as absorbing liquid for the removal of SO 2 , and it also has a relatively high absorption rate for Hg 2+ and Hg 0 . This paper focuses on the study of removal of bivalent mercury (Hg 2+ ), elemental mercury (Hg 0 ) and in simulated flue gas containing SO 2 by (NH 4 ) 2 S solution.
Experimental

Materials and methods
The experimental device for using ammonium sulfide to remove Hg 0 , Hg 2+ and SO 2 in simulated 4th International Conference on Sustainable Energy and Environmental Engineering (ICSEEE 2015) flue gas is shown in Fig.1 ) to generate stable mercuric sulfide precipitate under the condition of weak alkaline, [10] . And as shown in (Eq.2-3), because of the existence of SO 2 in simulated flue gas react with the solution, and the reaction product between sulfur dioxide and ammonium sulfide, hydrogen sulfide (H 2 S) and sulfur (S), can react with mercury (Hg 0 ), the principle of Hg 0 removal was shown in ((Eq.4-5). Principle of (NH 4 ) 2 S absorb SO 2 : According produces H 2 S and no H 2 S, the absorption process into pH> 7 stages and pH <Stage 7. And the overall reaction chemical equation is shown in Eq.2-3.
Results and discussion Effect of SO 2 absorption concentration on removal efficiency Adjusting concentration of SO 2 gas to 0%, 2%, 4%, 6%, 10% respectively, removal efficiency of Hg 0 , Hg 2+ and SO 2 are affected with concentration of (NH 4 ) 2 S, the test results are shown in Fig.3 .
As the concentration of SO 2 from simulated flue gas was increased from 0% to 2%, the removal efficiencies of Hg 2+ , SO 2 , decreased from 99.64%, 100%, to 99.05%, 99.99%, but the removal efficiencies of Hg 0 increased from 76.46% to 80.61% (Fig.3) Fig.3 The influence of SO 2 on removal of mercury and SO2 from simulated flue gas.
(concentration of (NH 4 ) 2 S was 0.8mol/L, temperature of (NH 4 ) 2 S was 20˚C)
The influence of pH value on removal efficiency Continue experiment to be done in different pH, and averaging pH is used to observe the changes of pH value in absorption process, results are shown in Fig.4 . As can be seen from Fig.4 4 The influence of pH value on removal of mercury and SO2 from simulated flue gas.
(Concentration of (NH 4 ) 2 S was 0.8mol/L, concentration of S O 2 was 6%, temperature of (NH 4 ) 2 S was 20˚C)
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The influence of temperature on removal efficiency Place (NH 4 ) 2 S 100mL which concentration is 0.8mol/L in absorption bottles of series two stage absorption, continue experiment in different reaction temperature (20˚C,30˚C, 40˚C, 50˚C, 70˚C) respectively, results are shown in Fig.5 . As can be seen from Fig.5 , when the temperature increased from 20˚C to 30˚C, removal efficiencies of Hg 0 and Hg 2+ both increased, reach to 89.45% and 99.42% when the temperature was increased from 30˚C to 70˚C, the removal efficiencies of Hg
2+
were not significantly increased, and the removal efficiencies of Hg 0 turn to decreased to 71.43%, the removal efficiencies of Hg 2+ , SO2 were not significantly increased. Due to a range of rise temperature due to the accelerated the molecular motion to some extent, but the removal efficiency of ascension, but for Hg 0 , the rise of reaction temperature will promote its volatile, leading to removal efficiency decreased. (Concentration of (NH 4 ) 2 S was 0.8mol/L, concentration of SO 2 was 6%, initial pH value of (NH 4 ) 2 S was 8)
Characterization of materials
XRD analysis
As shown in Fig.6 HgS characteristic peak is obvious that the reaction substance is the mercuric sulfide and have complete crystal shape, which proved that when solution absorb Hg 0 in the presence of SO 2 a small amount of black precipitates appears, and its composition is mainly HgS, it is same as Hg 2+ . 
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XPS analysis
In order to further determine the products of reaction，XPS analysis was used to measure the kind and composition of the absorption liquid crystal, Analysis results show that in Fig.7 
